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Paltter 


The coacepc of a cocltplt display of traffic infor«atloa (CDTI) 
Includes the Integration of al? traffic, navigation, terrain and 
weather Information In a single electronic display In ttie coc*«^plt* 
The pr'^sert study was conducted as part of a research project 
designed to 'levelop a clear and concise display format for use In 
later full alsslon slmul^*!oc evaluation of the CDTI concept. This 
experlasnt required airline pilots to monitor a CDTI and make per* 
ceptual judgments conc' 'tg the future position of a single 
Intruder aircraft r .nshlp to their own aircraft (ownshlp). 

The main experimental variable was the type of predictor used to 
display future position of each aircraft. Predictors were refer* 
enced to the ground or to ownshlp ^nu they either 1 icluded turn 
rate Information or did not. Other variables were the aircraft's 
sep£*^atlon distance when the judgment was lequlred and the type of 
encounter (stra or turning). Results Indicate that under chess 

experimental conditions fewer errors were made when the oredlctor 
Included turn rate Information. There was little difference in 
overall error rate for the curved ground referenced and the ownshlp 
refe' enced predictors. 


INTRODUCTION 

Projected estlmstes of air traffic indicate e marked Increase 
In congestion occurring over the next 20 years. This Increase Is 
expected to ersate a demand for greatly improved air traffic con* 
troL services to maintain lmp«*ove present levels of safety. 
Relevant to the area of safety are concerns dealing with efficiency 
of flights li«co and out of capacity limited terminal areas. The 
concept of a cockpit display o* traffic Information (CDTI) Is 
presently being considered to determine Its rolR* In the air traffic 
system. 

The CDTI is displayed on a cathode-ray cube (CRT) located in 
the aircraft cockpit with a display created by a computer. The 
display allows the pilot to see other aircraft's position In rela* 
tion to the pilot's own aircraft. The pilot's own position end 
directl n of travel with respect to eves navigation routes and ter* 
rain features are Indlc ited by e headlng*up moving map. 

Prior experiments in this project were dli .cted toward 
developing a clea: easy to use display (lef. I, 2, 3, 4), 

Questions roncernir.g chr genr-^lc w3Tl display were directed toward 
the display symbolcgy and factors affecting perception of motion, 
r.tich variables as update r«.te lewlng time, background and methods 
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of dltplaylQg past and future position of the aircraft have been 
considered. Additional studies have been aade on hoi# to display 
vertical situation infornation on a nap display (ref. 5, 6). 

The object of this experinent was to evaluate different pred- 
ictors of aircraft notion in the horizontal plane. Four predictors 
were used. These were either ground referenced or ownshlp refer- 
enced with or without turn rate infornation. Also of interest was 
whe er there was «. difference in learning with the different pred- 
ic Curs • 


^lETHOD 

Subjects . Sixteen airline pilots were paid to participate in 
this experinent. Mo pilot had prior experience using CDTt synbol- 
ogy» ellainating the possibility of previous learning affecting the 
results . 

Apparatus . The pilots were seated in a two-place, fixed-base 
transport slnulacor. The only functioning parts of the simulator 
were the CRTs chat displayed the traffic information. Responses 
were made on a hand-held instrument. 

Visual display . The CDTI was displayed on a 18 cm X 18 cm 
CRT. The center of the scree.'i was located 25 deg. rad) below 

Cue horizontal on the pilot's center line sad .87 m from the 
subject's eye reference poin^. The width of the terrain displayed 
on the CRT was 10 nautical miles (18.5 hm). With this mao ;*cale, I 
nautical mile (1.85 km) or tae ground equals 1.2 cm on the display. 
The ownshlp was represented by a chevron symbol with the exact 
location of ownshlp being the top point of the symbol. The 
intruder was represented on the display by a circular symbol with a 
dot in the center indicating its present location. Roth ownshlp 
and intruder were displayed with ground referenced history dots. 
Bach of the eight dots indicated the past position of the aircraft 
over the ground at 4 sec intervals. These symbols were preferred 
by most pilots in Hart's studies of pilot preference for various 
types of COTI symbols (ref 7,8). An area navigation route map 
provided ground objects for the background. 

Encounter variables . There were 48 different encounters, 
figure I shows 48 encounters. For example, encounter I 

alsplays the ownshlp in a heading up position* The intruder is 
approaching from the right* In Figure I all sketches show rurved 
ground referenced predictors for the purpose of illustration. in 
24 of the encounters the intruder ultimately passed in front of 
ownshlp. In the remaining 24 the intruder ultimately passed behind 
the ownshlp. In 24 of the encounters, both i'rcraft went straight 
and in the remaining 24 cne or both aircraft turned. In 24 
encounters ::he display stepped at 44 sec to the point of closest 
encounter. The remaining 24 encounters stopped at 28 sec tr the 
point of the closest encounter. The parameters for the encounters 
are found in Palmer ec. al. 

Constant encounter -arametars ncluded: vlawlng time, 8 sec, 
separation distance at encounter, 3J00 ft (.91 km), and update 
rates for ownshlp and intrudar, Ownship's position and heading was 
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Dis p lay V j r t jb las . Thera were four coailclons of ilsplay 
preilccars: (t) scritfht ^rouni refereaced, (b) curved ground 
refcrancai, (c) straight relsttve* lal (4) curved relaclve. lo tha 
scral^hc ground rcfereaced pradiccors* the end of tha vector Indl- 
cited the projected position of the aircraft over the ground In 32 
sec, issunln; the aircraft vslntained Its current Instantineous 
‘ground track. The curved ground referenced predictor Indicated the 
position of the aircraft In 32 sec, assusln^ the aircraft ealn* 
tilned its current turn rate. In curved oncounters this predictor 
carved In proportion to the turn rate. With the straight relative 
predictor the end of the predictor indicated tha intruder's posi* 
tion relative to tha own ship position, direction, and speed If both 
aircraft salntaln their current ground track. With the curved 
relative tha end of the predictor predicts the position of the 
intruder relative to ownshlp if both aircraft maintain their 
current turn rates. In encounters where both aircraft are ^oin^ 
scral'^ht *^he display appears the sane with hoth straight and curved 
predictors. Figure 2 shows the sane encounter with each of tha 
four predictors. Mo radar noise or tracker la^ were siaulated. 


quality 


intruder's position and heading wa^ 




SnUlQHT OnOUNOWICFERCNCEO RELATIVC PREDICTOR ON 
PREDICTORS ON BOTH AIR-CRAFT INTRUDER AND NO PREDICTOR 

(STR QRPI ON OWN SHIP (STR OPR) 




CURVED OROUNO-REFERENCEO 
PREDICTORS ON BOTH AIRCRAFT 
(CRV QRP) 


CURVED RELATIVE PREDICTOR 
ON INTRUDER AND NO 
PREDICTOR ON OWN SHIP 
(CRVORP) 


Figure ? , 


The four display formats used 


in the esperiuent. 
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P r oc eg Cl* . Tna for this 5tp<5rl»senc wss to 'tooltor th^ 

COTl fo^r T soc -lal predict %#hethsr the Intruder aircraft i^ould 
ulrla.itely piss In front of or In bach of the ownshlp. The sub- 
jects Inllcatei their decisions by pressing the ipproprlite button 
on the hinl held response svltch* Tuo seconds after the Initiation 
of ths run, the Intruder ippeired on the COTl with i position, 
velocity, trick in^le, ml turn rate cilculitei so that the 
Intruder ultimately passed cither directly In front of or In bach 
of ownshlp In 52 or 5S sec. After 3 sec of vle^ln^ time the CRT 
yis blin'i^d ml rcplicad ^Ith a message ashing whether the Intruder 
would pass in front or In bach of ownshlp. The pilot responded. 

The words *IM FRONT** or **IN R\CR" then appeared on the screen Indi- 
cating the correct Ju dgaent • 

Four subjects were assigned to each of ths four conditions. 
Initial oral Instructions concerning the concept of the COTl and 
the -leaning of the various display symbols were given. After 
approximately one half hour of training, all pilots underwent a 
pretest block of A8 encounters with no predictors* At the conclu- 
sion of the pretest trial there was a lO-mlnute breah. The pilots 
received additional training specific to the experimental condi- 
tion* On Day I, three blocks of the experimental condition of the 
53 encounters were administered with a lO-«lnute break between 
blocks. On Oiy 2, the subjects received Instructions on the mean- 
ing of the COTl syabols for the experimental condition and three 
more blocks of 53 encounters of the experimental condition were 
given. The experiment concluded with a posttest block Identical to 
the pretest block with no predictors. Presentation order was ran- 
domized. tn addition, whether ths subject saw i specific encounter 
or Its alrro- Image was also randomized. 

Results 

Table I shows the percent erro. for each of the predictor con- 
ditions for straight and curved encounters at both distances. It 
can be seen In Figure 3 and Table I chat fewer errors were made on 
carvel encounters when cha predictor Indicated ths future joint 
effect of curceat turn race of both aircraft. Roth ground refer- 
enced and ownshlp referenced predictors resulted in equally good 
performances on straight encounters. However ths error rate on 
curved sneountars was consistently lower for ths conditions with 
curved gro«‘.nd or own ship referenced predictors that provided turn 
rate Information. With tura rate Information ths error rate on ths 
curved cncountora was comparable to the error rate on straight 
encounters. The highest error rates occured when both aircraft 
were turning and thi predictors did not Include turn rate Informa- 
t Ion . 


An analysis of variance wis conducted on transformed percent 
error me over the four predictor conditions, separation dist«nre 
at encounter and type ui encounter (straight or turning). Table 2 
sh:^ws ths results of ths ANOVA. Performances over the four predic- 
tor tyocs, two separoclon dls^’ances and encounter types were signi- 
ficantly dlff'^ient as were rus Interactions of predictor type and 
separation distance and tb.: Interaction between predictor type and 
encounter type* 
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f reiistort Cacoatttors 

Scrat^tit Citrvad 



29 

41 sec 

28 

44 sec 

Moae Cpreteet) 

3t 

42 

23 

35 

Mone Cposttest) 

23 

29 

25 

35 

Straight ground ref. 

1 

11 

27 

30 

Curved ground ref. 

2 

to 

2 

7 

Strilght owashlp ref. 

1 

8 

14 

35 

Curved owashlp ref. 

0 

0 

0 

10 


Tablt i. Perctat error averagei over sebjeccs aad repllcecloas 
for scralght lad carved eacoancers. There were 9S crlala each 
per cell for the precesc aad poaccesc ao predictor coadlcloae ead 
2S9 crlils each per cell for the four predictor coadlttoas. 


Source 

5S 

df 

ns 

P 

? 

3215.5 

3 

1071.8 

20.2 * 

0 

1605.3 

1 

1606.3 

178.3 • 

E 

1557.2 

1 

1557.2 

75.6 ♦ 

P X 0 

13.2 

3 

4.4 

<1 

P X s 

1292.6 

3 

430.8 

20.9 • 

0 X B 

2.6 

1 

2.5 

<1 

P X 0 X B 

293.2 

3 

99.4 

5.5 • 


* pO.Ol 

Table 2. AX0?4 over predictor roadlctoae (P), separatton dletaace 
(0), aad easouater type (T). 
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Flturs \ sho«a pmtc%nt arror collaF**^ avar sttbjtets for ooeh 
of tha ^roilecoro. Tho iota mro abowo for oach of tho roi^lieatlooo 
avora^oi ovar tho too dlataocoa* It eao bo aoaii that roplleatlooo 
olth proiictora io aot laproro parforaaoco on tho ao proiictor 
poattoat# Thoro oaa no aitoiflcaot iifforooco botoooo tho protoat 
aai poattoat ooaoa* Thoro via oaliooco for loaroiog for all prai* 
letora oacopt tho curvod ovnahlp toforoncod proiictor ohieh oaio** 
talood an avorage orror rato of 3Z. 

kt tho cooelttoioo of tho oaporiooot tho pllota ooro alloooi to 
oloo tho othor proiictor coodltloaa. Tholr proiictor proforooco 
tfoa roguoatoi. ill pllota proforroi proiictora vith taro cato 
ioforoatlofi ioelaioi* Tho proforooco oaa ooooly iioiioi botitooo 
froaoi roforoocoi aod owoahip roforooeoi proiictora« 

DISCUSSION 

Tho oaio objoctioo of thia ooporioaot oaa to iovoatigato por« 
foroaocoa oaiog iifforoot typoa of proiictora* Eoiiooco cloorly 
ahooa that tha aiiicion of a proiictor rodueoi tho orror rata* Tho 
porcaot orrc*^ oaa farther roiocoi ohoo torn rato ioforoatioo aaa 
aiioi to tho proiictor* 

Thoro atill rooaioa a qooatioo ohathor groiaoi roforooclos or 
oooahip roforooclos ia tho boat oothoi* Tho poreont orror data oo 
tho roplieatiooa ahowoi that thoro oaa lit**lo loaming oith tho 
curroi ovnahlp roforoocoi proiictor* ilthoogh aftor ait roplica* 
tiooa both currod ground roforoocoi and curroi ovnahlp roforoocoi 
proiictor coaditlona had aloiliar lov orror ratoa* 

Tho guoation of vhich oothoi of roforoncing ia boat ia furthor 
clouioi by tho fact that 501 of tho orror vith tho curvai ovnahlp 
roforoocoi proiictor vaa accountoi for by tvo oncountora* Thoao 
tvo oncountora (III and #19) aro both oncountora vhoro. tho ovnahlp 
la turning* Thua tho curroi ovnehip roforoocoi proiictor condition 
hoi a oory lov orarall orror rato vhon thoao tvo oncountora aro not 
conaiio/ai« Ono could arguo that ovnahlp roforoncing ia tho boat 
oothoi* Oo tho othor hand* tho curroi ground roforoncod proiictor 
condition had a noro aron diatribution of orror* Ono nuat alao 
quoation how good a roforoncing nothod ia if it can bo ao confuaing 
on tvo of tha ancountara and not confuaing on all tho othor 
ancountara* 

goaults froo tho aubjoctira data auggaat that tha nathod of 
rafaroncing is «n indiridual prafaronco and not baaoi on parfor* 
oanca * 


COSCLUStON 

Thia orparlnant adds to a aarloa of aaporinanto dosignod to 
avaluata CDTI display symbology in a dynamic but controllad 
anrltonmant* Tha folloving «ra ganaral obaarrationa baaoi on tho 
data from this axparlmont. 1) Tha addition of pradlctlra informa- 
tion radttcaa orror* 2) Tho boat raaulta vara obtalnad vhan turn 
I'ta information vaa includoi in cha pradiction* 

It is important that any conclusion tha raador nay drav from 
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arror eallapaad ovar aubjaeta. 
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ch2$3 results ctke into sccouet the follo'in) llittatlons of the 
research not hoi: (1) The pilots couli device their unlnterruptoi 
attention to the tssk for ) sec; (2) neither iLrcrift chingei Its 
spoei or tu*'n rate during an encounter; (1) although the display 
uis iynasle, the pilots could not Interact ulth the llspliy to ish 
for more Inforiation about the Intruder or change the map scale; 

(^) pilots could not tike over manual control of the aircraft; (5) 
the passive nature of the tash and the large number of trials 
resultol lii \ task that quickly became routine. The first two 
items should lead to f ewe r errors than would be expected In a real 
aircraft. The last three items should lead to more errors than in 
a real aircraft. It Is felt» however^ that the relative dlfferanca 
between the displays will remain the same as the task Is made more 
rosllstlc. 
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